INTRODUCTION
Paraneoplastic neurological syndrome (PNS) is an infrequent complication of systemic malignant tumors, characterized by subacute to profound progression of neurological disability [1] . Initial neurological symptoms of PNS may occur more than two years prior to the diagnosis of the underlying neoplasm. One of the important syndromes associated with PNS is the secondary Parkinson disease, which is defined as conditions with clinical manifestations resembling primary Parkinson disease. Clinical features may include bradykinesia, rigidity, parkinsonian gait, and masked facies. In general, tremor is less prominent in secondary Parkinsonism than in the primary form. Possible causes include vascular injury, drugs, trauma, toxin exposure, neoplasms, infections and degenerative or hereditary conditions. PNS occurs in less than 1.0% of patients with breast cancer [2] . In English literature there were only two published cases of secondary Parkinson disease caused by breast cancer. Here we report a case of secondary Parkinson disease attributed to the breast cancer diagnosed during the pregnancy. A review of literature was also conducted.
CASE PRESENTATION

Chief complaints
In May 8, 2012, a 39-year-old primipara of 31 gestational weeks was admitted, who presented with a history of dysgraphia for one year, slurred speech and decreased limb strength for four months, and incapableness of voluntary urinate and defecate for 20 d.
History of present illness
She presented with tremors in one hand and smaller hand writing from May 2011. On October 6, 2011 she conceived by in vitro fertilisation. Her tremors became increasingly obvious and spread to the upper limbs after January 2012. At the same time, facial stiffness and speech disfluencies appeared. The patient complained of decreased limb strength from March 2012 and ceased voluntary urination and defecation after April 19, 2012 (27 + 6 gestational weeks). Persistent catheterization and intermittent enema were given.
History of past illness
She had no special medical history except for primary infertility due to her husband's azoospermia.
Personal and family history
No family history of oncology or any hereditary disease was found.
Physical examination upon admission
Physical examination on admission revealed decreased muscle strength in the limbs, hyperreflexia of the left achilles tendon, positive bilateral Rossolimo signs and bilateral Babinski signs.
Laboratory examinations
All tumor biomarkers [ carcinoembryonic antigen (CEA), carbohydrate antigen 153 (CA153), CA19-9, CA125, neuron specific enolase (NSE)] were within the reference ranges. Tests for anti-Hu, Yo, Ri, CV2/CRMP5, Ma2 and amphiphysin antibodies were negative.
Imaging examinations
Cerebral magnetic resonance imaging on February 20, 2012 exhibited an abnormal signal on the posterior pituitary which revealed no clinical significance later. Results of electroencephalogram on March 6, 2012 were normal. An abdominal ultrasonography on May 7, 2012 revealed multiple hypoechoic masses in the liver, the largest size being 2.0 cm × 1.5 cm.
FINAL DIAGNOSIS
Pregnancy 31 wk plus 6 d, secondary Parkinson disease due to PNS, and poorly differentiated breast ductal carcinoma of stage IV.
TREATMENT
The possible pathogenesis includes medication, infection, intoxication, trauma to the brain and malignancies. Medication is the most common reason. She denied administration of drugs, such neural tranquilizer, metoclopramide and lithium, which could probably cause Parkinsonian features. No evidence of infection, trauma or intoxication was available. Essential tremor and genetic degenerative disease were also excluded. PNS was mostly suspected as underlying pathogenesis because of lesions in the liver.
However, considering her deteriorating neurological condition, a cesarean section was performed on May 14, 2012 at the 31 wk plus 6 d, and she delivered a baby girl of 2100 g with Apgar score of 8 at 5 min. During the cesarean section, exploration of the peritoneal cavity revealed multiple hard masses and nodules in the liver, and a biopsy identified a metastatic, poorly differentiated adenocarcinoma. The immunohistochemical analysis showed positive CD34, negative α-fetoprotein, negative hepatocyte, 60% positive estrogen receptor, 10% positive progestin receptor and positive human epidermal receptor-2 (score value of 3+). The positron emission tomography revealed a metabolism-elevated lesion in the upper outer quadrant of the left breast (2.0 cm × 3.3 cm × 2.4 cm), with multiple metastases to axillary lymph nodes, liver parenchyma, bones, and para-aortic lymph nodes (Figure 1 ). Combining the above results with her clinical conditions, the diagnosis of a poorly differentiated breast ductal carcinoma of stage IV, and secondary Parkinson disease was confirmed.
From September to December 2012, taxotere and carboplatin were given once every three weeks for four months. Meanwhile, Trastuzumab, a humanized monoclonal antibody targeted human epidermal growth factor receptor protein (HER2), was administered with the initial loading dose at 4 mg/kg, with subsequent weekly maintenance dose at 2 mg/kg for four months, and the final dosage at 6 mg/kg every three weeks for one year. Repeated radiofrequency ablations were also applied for her major liver tumors from March 10, 2014 to April 30, 2015. Madopar was given to relieve her neurologic symptoms but no obvious effect was observed.
OUTCOME AND FOLLOW-UP
Despite of a transient improvement of speech and dysmetria, her neurological conditions deteriorated shortly thereafter, and the metastatic liver lesions persisted. The patient refused further follow-up after her last visit on August 30, 2015, with a known progression-free survival of four months. Her mortality was not confirmed and an autopsy was impossible.
DISCUSSION
Due to the wide-ranging clinicopathologic manifestations of PNS, only two reports had documented the association between breast cancer and Parkinson disease [3, 4] . In the report of Mousa et al [3] , the paraneoplastic affection in a young female preceded the detection of carcinoma of the breast by nine months, including paraneoplastic subacute cerebellar degeneration, Parkinsonian syndrome, autonomic disturbance, profound depression, myopathy and cardiomyopathy. Block dissection of the carcinoma resulted in alleviation of her muscle weakness and a return of the electrocardiogram to normal. No evaluation of autoantibodies or immunotherapy was performed in this patient. In the report of Golbe et al [4] , a 42-year-old woman had unexplained weight loss followed by action tremor and difficulty in initiating gait. The patient rapidly developed Parkinsonian signs and symptoms, and did not respond well to typical medications against Parkinson disease. No autoantibodies were found in the serum of this patient, and the patient ultimately succumbed despite of intensive chemotherapy. The case reported by Golbe et al [4] had the similar characteristics with the case in our report, as they both had negative antibodies and poor response to adjuvant therapy. These findings are different from the neurologic symptoms of cerebella degeneration and opsoclonus caused by gynecologic or breast cancers, in which positive expression of anti-Yo and anti-Ri was found most 
frequently.
Because of its exceedingly low prevalence rate, no established standard treatment for PNS is available. Eradication of the underlying malignancy is the mainstay of the management of paraneoplastic neuropathy, and successful anti-neoplastic therapy is associated with a favorable prognosis for most paraneoplastic neuropathy patients [5] . Immunosuppressive treatment for neurologic symptoms is also important, which includes corticosteroids, plasma exchange and intravenous immunoglobulins. Immunosuppressive chemotherapeutics and B-cell targeting drugs such as rituximab also may be useful [5] . For breast cancer associated PNS, anti-Ri was related with poor response to immunotherapy [6] . In our case, despite of aggressive therapy, remission of cancer or neuropathy symptoms was not achieved, which was consistent with the previous report.
Breast cancer is the most common malignancy diagnosed in women and during pregnancy. The incidence of pregnancy-associated breast cancer was estimated to be 28/100 000 live births [7] . Due to the negligence of diagnosis and inconvenience of evaluation, a median delay of 2.2 mo to diagnosis in pregnant patients was found compared to 1.2 mo in non-pregnant women [8] . Multidisciplinary management of women with breast cancer in pregnancy is mandatory for its complex entity and ambiguous prognosis. Physiologic pregnancy-associated breast changes, including engorgement, hypertrophy and nipple discharge, obscure detection, make physical examination more difficult as pregnancy advances, until they steadily revert to prepregnancy state approximately three months after breastfeeding cessation [9] . On physical examination, breast cancer in pregnancy typically presents as a palpable painless lump. Triple assessment (history/clinical examination, imaging and cytology/histology) and awareness of less common presentations are the fundamental methods of accurately diagnosing symptomatic breast complaints in pregnancy [10] . As illustrated in our reports, acute and subacute neurologic symptoms should warrant consideration of malignancies, especially the most possible chance of breast cancer during pregnancy.
CONCLUSION
In summary, we describe a rare case of severe secondary Parkinson disease associated with breast cancer diagnosed during pregnancy. Recognition of the variable manifestations of PNS is as important as diagnosis at earlier stages of the underlying malignancy and facilitates prompt treatment to improve prognosis.
